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AMi^mti^ ^AMLtc^ ttmm^mm ic fen > t pr^k $ ti s r ^ j; y ^ c m 

tc 11 f^a $ -ti: s Atif ^Jl [Si^e , 

mzAM-^-^^umz. mmyt<D{}.^i'jt<t%-mi>wmytAM^mizis^^xmm 

mi^^^m^(Dmm±m^^y ]^(Dm^mj:^)^m<^ji^^oizLr^^t.^!f^m 

[^^^3] mmAM9tm\^mmit, mm^^mm^AmmmzMLxm 
i^izA^^-^^umz. mm^<D(i.^i'£<t%-mi)mm^AMnmzi5\f^xmm 

ytm.!\^m^mM-t^^oizm\^^ii^^t.izj:^j. mmyt(Dmmmiiffmtimm^ 

mu^mii^^%m^\t. wm%WLum\zAmhtc%\z'D\\x. tfriB^tpRnxJic^ 
mt0r^-t^m^2 omt-t^z.t^nmt.-t^m^^iv;^3<D^^-tM^-iz 
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[0 0 0 1 ] 
[0 0 0 2] 
[0 0 0 3] 

^Sn, rcDTiP^^^y KM5{Ci - I nGa A s A^Pj^S^TOM 4, p-I 
n P:!?)^^^S_hg|5^'^^y K»3, p"^ - I n G a A s 3b^?>^-5 n > ^ ^.hM 2 

2 . miiE#2 0 0 3 - 3 0 4 5 2 3 7 
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[0 0 0 4] 

i-InGaAs ti^ ^ ^ ^ ^mUM 4: t l> - 1 n P-fy^^tjtS±3^ V KM 3 

tn - 1 nP-fy^<brji^Tm^^^y \^m^ tit. 01 2{c^^j;e){c, :i(D^mi^ 

[0 0 0 5] 

s *^^;a:^)fel^X[5^»4. p - I n P*^^:^^±g|Jd7^<y Kji3^t>*n- I n P*^ 

[0 0 0 6] 
[0 0 0 7] 

I = lQexp(— az) --(l) 
[0 0 0 8] 
[0 0 0 9] 

(1) ^tmi 3i)-^iommx^^xoiz. ^it^mm^f^izAmt^ttmm 
mmizmm^^. tf£t>t>. ^it, ytAM^mti'^m\'^mm<omzi^t./vEmu 

[0010] 

mi 3(DmmitytAm^mti^ih(Dmmz^mi.. mmit. ^^5\zm4:\H^^m 

3 'ffiliE# 2003-3045237 
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[0 0 11] 

■trjtt>t>.. Z(Dmi3it. )fe:^'!3^i^iRM4 T'l®iK34X-5 7S:i?)tC^D§«^, & 

[0 0 12] 

[0 0 13] 

1 . 3 fi m@M® I n G a A s PM^<D 4^SCH (Separate Con 
fi.nement Heterostructure) Mti^it'&'^tlX V^^a 
[0014] 

<D^<DiZ% mrWfj^f}^ ^t.t%iz. :}^^:^v^y^t^^^u^7.-^ mm \z tsi u , 
[0 0 15] 

z.o^ii^fA^m^^mm'^^fc.mz^ eii 4^DfEii "oxz^-t ii^ti.mm%m 
m.^m.(j^^m^m^^%m^if'^^-^^x\^^. f^i^. si 4«^miiiT'feu, mi 
^xxm^mmx-^^. 01 4^t>*iiii sjc^vnt, 01 2fcmb;^^#^*;^^^ 
=}'^n-%^\z\t.n-m^is^¥i\^x-^h. 

[0 0 16] 

-r^t)-^, 01 4^t>*l2Il 5lC^t-J:e)lC, r®a#7t#TOM®^^^g3^ 
m^X\%. n"^ - I n P}^)^^J&S«=^6±^C, ^?^^#MmM9 :*'^J^^$^lTV^ 
So 3®^#^#?^jif&M9±lCli. i - I nG a A s 7b^e>^<53^liS4XJf 4/ p - 

4 ffiliE# 2003-30 4 5237 
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I n P:^^e>^S±SP^9*y KM3, p"^ - I n G a A s ;&^e>;&S n > ^ ^ hjf 2 
[0 0 17] 

f -5 n - I n G a A s P ^ if $ tl-5o 
[0 0 18] 

[0019] 

r=|//*s-(0^)*dxdy|2 -(2) 

0i6i±. m'^mm^mmmMQ ^umv^^^m5\sLm4:iz3LA:^^yby hits 
m.iu^ti^m^^m^mzB-tmv:^^o mi e ay i a) it. m^^mm. 
mMQ(om^D-fym\'^m^ (m^it. d = o. i^m) ^blx^^j. miea^ 
(b) it. m^^mm^mQcom^Dti'^m^^m^ m:^it.,D = 3. bfim) ^ 

[0 0 2 0] 

017 it. ^^mi^^ytm^p^^^m-t^^cD/^u- 1 5:3^mji4 p^-ecosgn 

#V^«-^ D=0. 7;cim) ^^LT^U, 017 0 (b) li, ^^tf^ 

5 ffi|iE#2 0 0 3 - 3 0 4 5 2 3 7 



#2003—143485 



#TOM9(Z)J?*^D*WVN:®'a- D=3. 5 /t m) &^LTV^S. 

[0 0 2 1] 

iifi6(Z)(a)i:iiii7(D(a) inzm-tm^ybmm^M 2 (Dm^Dtfm^^m 
ii?&M9 &eji-rs3^tt)tepRflXM4^^<x7\'^^yi2> NM#^So m(Dmm^-t 

^<^s<z)T' (2) ^x^m\^r=.^9t^m^i<^<^jt^o j&fe, m^^mm^MQ 

[0 0 2 2] 
[0 0 2 3] 

<03tMM4^c^)a:/'?:^^yi2> ^^-^<^)|t-^V^$:||<-rS^ |gfl 6 (Z) 

(b) tmn(D (b) ^tC^1-J:e){C, iSlt^#?'^5&S9cDj?^D^ji:<-rs 

[00 24] 

s\gm4:izm^^^3'&<Dm^4^^<-tnit^^^^inzrji^. 

[0 0 2 5] 

Kf^^^x. ^mi^^ytm^t.Lxm^'^n^^^mm^M^ir^rc.^iZiii^m^ji 

[0 0 2 6] 

6 2 0 0 3 - 3 0 4 5 2 3 7 



#200 3-143485 



^•VAi/^>XC*^:*:^<^ezi^llC^^S-r'5>®T% SdB^^illcAf (=1/ 
(kRC) ) TbVh^ < r <Dij^##:^3^^^^ & 4 0 G b p s CD J: e) ^l^j^^K 

^ i/ X -r A^® jiM fflli ^ „ 
[0 0 2 7] 

L T © Bt «Sfs#'(4 M ^ -9 r h ^'^^ e> tl T V % -5 o 
[0 0 2 8] 

[0 0 2 9] ' , 

mmm¥'fymmizfjt^ii\>^omm-/i^&^o 

[0 0 3 0] 
[0 0 3 1] 

7 aiiiE# 2003-3045237 
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[0 0 3 2] 

m'\$.i n p (s I - 1 p) un^-mip^^ntcm^ 1 1 ±fc, n"^ - 1 n ptf^^fj^ 

^T3^^v\^miO^ i - I nGa A s;^)^^^S^®JlXJg4, p-InP;5)^P, 
:&S±g|J^^^y KM3. p"^ - I nG a As fi^^fji^-ny -St ^ hM 2 timmzm 

[0 0 3 3] 

■5c 

[0034] 

•rSo AMUfe^liM^bfeAlifag® 1 2^cfev^^:®^$tlfem, )fei!SiRji4ic 
[0 0 3 5] 

n- I n P*^P>^STtP^^*V KM 1 0 ( I n PfDetf^ti 3 . ITT'^S*^ 
n+ K-tf>y(Dfe«){C-e©«^^l±3. 1 5@^{CT*'^5) (Z)»#f^(©BV^^C 
J:U^li^(^3ti?&5:^«?)±:^tC^x.e>tl<g>. Aftfi^® 1 2 JC^ V^T li, A*f5^(Z) 
^Ay-liTgP^^^y KMl 0^-g>v\lj;«;Kl HzmM^nx^<'J. ^t^ilX®4 
^c{iMI^$4^Tv^;5;v^(^)T*, Alif3^®#M^^liTgPi^ ^ K» i o^svAii 
l®JS*f^il;&oTv^So Alif3^®^«®tf^liTSI5^^^^y F 

Ml o(Z)a#f^j: y %l«<^szli:^i^:v^®T', mt%m.ium 4. ^mi^±:^izm 

[0 0 3 6] 

8 ffi|iE#2 0 0 3 - 3 0 4 5 2 3 7 
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[0 0 3 7] 
[0 0 3 8] 

tzatiK ^it^Jtti^^. p"^ - I n G a A s hiS 2 ^C^3V^T 

j^^-e(Z)^3^^Miio. 6 A/w=foL<^i■€■nJ^^Ti:^£<M*oTv^-5<, 

[0 0 3 9] 

[0 0 4 0] 

(S I - I P) M5PfT'?^^$tlfe«^l l_hlC, InGaAsPjil4, n-I 
nG.aAsPMl3, i - I n G a A s *^^;S;S^I^^RM4 , p-InP*^?>^ 
S_h§P^5^y KM 3, p'^-InGaAs f)^ f£ ^ a y ^ ^ h M 2 tf^j^^.^ tlX 
V^-5„ -eLT, Z.(^)=i>^^ hjl2(^)±{|!l{C(i. p 1 ^'^^Mi't ^itlT V^So 
n- I nGaAs PMl 3JCli, n«a 7 ;()^lt#l:J- e>tlT V^So 
[0 0 4 1] 

^LT, r(D^#^^)^^^^CfeV^T^i, I nGa A s PMl 4 iln- I nG 
a A s Pjfl 3 i:(Z)3§g®T'?^^^n'S^Al^5^Bl 2ii^^jL^y N X ^ > ^''(C i 

9 £tJliE# 2003-3045237 
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[0 0 4 2] 
[0 0 4 3] 

■r--S^«blC, n-InGaAsPjgl3 (DM^^n^^t InGaAsPJil4(Z) 
m^mn^^ltmcmV^^ (n^3=n^4= 3. 4 3 9) tU^L. |lI20T'{in 
- I nG a A s PM 13i:InGaAs Pjg 14$:n-InGaAs PM 1 3 {C 

[0 0 4 4] 

r®4^##:^3^m^^c^v^T^i, _hS^^>y KM 3 i y %;®^^>6^]SVM nG 
a A s PMl 4 {C^©±7\°':'-;{)'^AIifUTV^-Sc ^<Z)^m. AJW-^<Z)^ffi®^^ 
li±gP^^»y KM3(0®«f^j:y *l«<;&oTfet;, i - I n G a A s i^jnPj 

gp^^'y FM3 i:cD#ffi^c^v^T^RI^Stl-5 = 

[0 0 4 5] 
[0 0 4 6] 

misbr:^izBmi^, ^mt^m^'MmLx\>^^o 

[0 0 4 7] 

1 0 miiE# 2003-3045237 
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[0 0 4 8] 
[0 0 4 9] 

L e = 2 T/ c o s e = 2 T/ c o s (7C/'2-^) -(3) 

(3D^»T()[)4. 6# (^i?^e>Ji, l/cose = l/cos (7r/2-25. 
8° ) =2. 3) @miCW*»;, ®lR«i:L"C«^3^^T'fe5„ 
[0 0 5 0] 

:ia)^mii^^^m^X'it. mt^^mm^ t.±m^^^y }^ms<D$^m 

[00 5 1] 
[0 0 5 2] 

XnS^^lZ, %<K>±7-%rj-^ InGaAsPMl 4 J: e> {C®#f^®ii^VxMa) 

) tt2 /im;6^^ 5 /* m, U^U-J^)'^ 1 / e ^ t.ts^^W."i^X\tA nmti^^ 1 0 
/Cimi:;^$V^o EI 1 4 , EI 1 5 <Z)^^^)^^MI2&i![<^4^#fls^5tS^T'«e^;^ J: e> 

[0 0 5 3] 

t.fz.. #fff5:M2©^M?^ffi{C^SnTVNeGa A s»^(D±lCl. 5 5 ^ m 
nGaAsP^InGaAs 
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-So 

[0 0 5 4] 

mm:scm i ] 

i^m^i 1 - 1 9 5 8 oi^^^m 

[0 0 5 5] 

l^m 2001-53328 
[0 0 5 6] 

[0 0 5 7] 

^fe, igii4, mi ^\z7^tmm%mmm.<D^mii^^%m'f'X\%. ^%Kts 

[0 0 5 8] 

a (c, EI 1 8 , El l 9 \z.^t^-mm^m(D^mii^^^m^x\%^%^^. 

[0 0 5 9] 

.[0060], 
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[0 0 6 1] 

z: © J: ic«fig $ ti ^ s;^ - ;i/ ic J3 V N T AMm^ mmmiz ^ 

u> yt^^mi^^ybm^(DtHiAMis^mzMLx^^izA^-^-^^tmz. mm^ 
(D<i.^fji< ii^-mti^mm^Ammmiz:i5\^^xmnmm.iiRm^mmT ^ ^oizm\^ 

j; U < ^ S J: e> fc: -r -5 3 i: T&^T* ^ S o 

[0 0 6 2] 
[0 0 6 3] 

'^comibr-fy^^^m.s\zm(^rm<D}t:.^^mmzm^xyb^mM-t^(Dx. ytmm 

K J: S ?gca S: IC it It S r i: «I|g h ^ S 

[0 0 6 4] 
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[0 0 6 5] 

^mi^^ytm^tLX(Dmi^i^ij^^^\ 

[0 0 6 6] 

(2) mmAm^mi^mmit, mmyt^mm^Am^mzMLXi^i^izAM 
-^ii^tmz. mm(D^pfjt<t%-mt)mm^ASimmiz^\>^xmm^mum 

[0 0 6 7] 

(3) m}mAm9tm\^mmit. mm^^mmAMt^mizMLxmi^izxm 
<t%-':^^^m't^^^izLr=.^t^!^mt-t^ n) mm(D^mi^^^=^p 

[0 0 6 8] 
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(4) mm^mi^^^m^it. mm^Am^mtmmytmm<Dr^t<Dfjt 

■r^MS:9 0Miit--5Zli:&#^i:f S (l) (3) (DV>-f ti*^-lc|B«(^ 
[0 0 6 9] 

(5) -mm^mi^^^^m^it. mm^xm^mt.mm^mum<Drmt.(Dfjt 

[0 0 7 0] 

^nm^*)izmrjtnmii-t^^ii^!f^m2i-t^ (d tjtm (3) a)v^•rtl*^-^c 

ia«® ^ i;^' :x - ;i/ $ tl § o 

[0 0 7 1] 

?^-5 3i:$:#^ti:-rs. (1) T^^M (6) <D\>^rtii)^-izmm(D^mi^'^^'ii>'=^ 

[0 0 7 2] 

f^t^zt^s^mtt^ (1) 7!^M (6) (D\>^-rM-'-'izmm(D^mi!^^yt^p=L 

[0 0 7 3] 
[0 0 74] 

1 5 tiiliE4f 2003-3045237 
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m 1 mmmm) 

milt. i^mm(Dmimmmmiiz'mt>s^mii^^^'^i^=L-}\y(Dm:v^mm.^^ 

[0 0 7 5]. 
CO 0 7 6] 

;\yit. ^7&-t^^^iz. m^6±izmmzmm^nr^'p^jt<t%^mi^m4:t± 
mizmm^nrc^Am^m i 2*^p5Al^Lfc)^*^Hr^fH^®JK®4 (c^vatm^. 

ti -5 r iCcfc U ^ p 1 ^t? n «M 7 e> ^ap mi7i- s 

i^^^m^l 0 0 0 0®^AMig® 1 2{C^LTAIif 

^$:^«){CAM$ii:'5;t«b(Z)AI*3^JII^^M2 0 0 i:*^P>fifffiK3nT V%-5o 
[0 0 7 7] 

rrX', ^##:S3t^^-l 0 Ol±, n"^ - I n P7b^e,^S^;K6±{C, i-I 
nGa A s*^e>^-5^®lRM4, p - I n P*^e>;&SJ:aiS^ ^ F» 3 , p"^ - 
I nG a A s 7b>^^Sn>^^ hJi2j{)'^|liri>ClC|itM$tl"CVNSo 

[0 0 7 8] 

S^jIC, r(D^##:^)^^^l 0 Oli, «^6®TWtCBBttSn7t^AW3gM 
1 2 iC^LT3t$:^*?)(CAiif^it-5 7t«?)(^AM)^Jg[pI^«2 0 OcD-gPhLTCD 
< $t)^*M<Z)^J^l 6 j:oT. M^^nrvN^o 
[0 0 7 9] 

^i3, Z:(^^##:^3fe0^1 0 OT'fe, 01 2lC^UfetSe5f5®^#<*t^)fem^ 
i:|BiatC, its, 3fei®lKM 4<^^^'f45:^<i-^^«?)lC, ^iSJlX»4 (DTC n - 

Sfe^?)^C#lli&$tlTV^So tfe, ra)^##:^3^ll^l 0 OT'%, EI121C^L. 

1 6 ffi|iE# 2003-3045237 
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ffi # IC S ^ 46 {C # us S T V N S 3 
[0 0 8 0] 

-eLT. 0 0^Cj3V^T^i, S«6 i:3fe®lRJS4(^^i?J&< 

[0 0 8 1] 

iSi-f^ i-l nGaAstf^iofjt^ytm.Um4<Dmi^m (ms. 6) p-In 
PTb^^^^^-L^Pi'^'y FM 3CD®tf^ (3. 17)^, n'^ - l nPij^^i^^m 
^6(Dfi^^ ( I n P(Z)®#f^{i3. 1 7T'&^.:;b'^. iE?ftJC« n"^ (D K- If > 

ffi#lcfSfe«?)icS^6©®#f^li3. 1 7i:-r-5) J: y =b®*f^7{)mv^p 

[0082]' 
[0 0 8 3] 

-®i|i^<*:^3t^i;^'^-;W(^^#f*iS3^^^1 0 0/sO|||^CDAl!f3^li. 
T't*^<j2;*'^U $:^oTV%^„ I2I2JC, 3^AJW-i«® 1 2 ^(^^(D 3 o(Z)Ai^4^« 
(a), (b), (c) ^^t-o AM^m (a) <^)^-^{C«. Alt^li«#f^*'^ 
3. 1 7 2l^gV^a«6(Z)*L{CAl^bTV^-5„ AM^^ (b) ®^^lCli, AM^ 

KM3 CO^TSie^-t, m^WmS. 6 i:l^V^3tI^;RM4 (C=feAMLTVN€>o 
, ^iSiiXM4 ;b'5Alif^<Z);^.:K^y ^■^^--rX^C^:b/^Tj¥v^:^^^c^iAI^)t<Z)^r(^>'^° 

u-t(iyt^um4j,zAmt^i:t.%:&*)ms, AMi^m (c) <D«-a-tca. Al^ 

mtmiSfWS. 1 7 i:<Sv^Jlg|$^^^»/ KM3(^)^^^cAl^bTV^So 

[0 0 8 4] 

0 3 ti. Alif3t(D4J>i>®&a$:^iS[i: bfe^^{c^l1--g>Alif3t<^^«®tf^n 

1 7 aill^ 2003-3045237 
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[0 0 8 5] 

mybf}^^mum4:\zm§i'^nrjt^^m^izi3\f^Am^o)^mmmmn^ its. i 
^mm6izi5i'}^n\^-}^y'!fiz^^miffmw^(Dmm^^MizAn^t.. am 

[0 0 8 6] 

, tz?>i}^. AH^m (b) Am^<D(i.^^jt< t.^-3if^m9Tm<D-m^^ 

^mm^izmm-^n^^oizfji^ii. AM%(Dmmmmmn.^ itmme^±m 

[0 0 8 7] 

u, m4.izB-t^oizAm^(D<i.^^ji<t^-'mti^^m.i^M4:izmM^n. 

3. n ^'')%-m<-t^:itti^x*^^. 

[0 0 8 8] 

ngSin0g=n^sine^ •••(4) 
tfjt^o t.r~. ^^ISRM4 Hp - I nPi^^y \^ MS t.<D^miZi5\^^X 

n^sin04=n3 —(5) 
Ht^^o -Dt^). (5) ^5: (4) ^lCf^AL/T#e>*l'5 

ngSin9g=n2 •••(6) 

M'r^yt(DAmne ^ ^^^nti^So "tcot^^^izit. ytm.UM4. iimu6(Dm 

1 8 ailiE# 2003-3045237 



4^2003 — 143485 



[0 0 8 9] 
[0 0 9 0] 

_hS^^^^y K3^««6 i:it«cbT, 3^PSilXM4 tt^(DS^^jb^]e<. 
[0 0 9 1 ] 

SUi^^^y FM3 i:®#®{c^v%T3tig^jRM4 ^^mzBm'^^BLm%fi'^^\:'^i)'^ 
[0 0 9 2] 

:*:||jg(0?^figicj;tili, Al^3t^ll^^g2 0 0 ic J: y , Aiif^(3D^'filii 
S^f^ng ^^Jigp^^^y K 3 ©String J; »J=felS<'5;-SJ:e>tC, Alif3tlC3^®- 
4XM4®]^VNjB#f^5:i^D$lt^^^fc, ^t^M 4 (c^iPb;? f^I^^ ^Mlif-T S i: 
v%e)ffi^^«^$:i:-5 3i:{cj; 3feMM4 i:^$:feiSb;t3feti3tiSi(XM4 ^ii 

[0 0 9 3] 

^(Dtcl^. - I nG a A s ^^eJJ&:-5zI>^^ hji2{C^l-^SPSlRtl^P« 

V ^«^f^g^m ^ siJg-r s zi T' ^ s o 

[0 0 9 4] 

1 9 £BiiE# 2003-3045237 
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[0 0 9 5] 

v\T, mmitm^^nfc^^mm (a/w) T'&»j, mmitybmj^m^on^x' 

[0 0 9 6] 

®J?*iTlil. O/ttm-e^U, n- I nG a A s P^^^tSS^jfl 5(^)jP^^D*^2 
. 0/imX$>^o tt^. 7K¥;^^^(^3^®Alif#ii4 0° T'fe-So i<Z)«-^®Al^ 

%(D^mmtffmn^ its. sr-^-s, 

[0 0 9 7] 

So 

[0 0 9 8] 

rcDzi^iii, ^m.5^m4: t±m^^y }^m3 t<D^mxs,m^nr^^^i^&.^ 

[0 0 9 9] 
[0 10 0] 

2 0 ffiliE# 2003-3045237 
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[0101] 

iz^Lr^m^^mm^mm^^^'r^^^(Dmm^mm^m(D^mii^^ytm^'^m 
1 8, mi 9 iz^Lr^'^m(Dmmmmm(Di^mi^^^m^hLitmhx. ^%mm 

[0 10 2] 

r (Z)^^^2|s^^^i^'rL-;i/ {CM 4^^^^^^^1 0 OT'tt, 3^5:1^ 
i|Xt--2>^i^iRJi4c7)iSVNM#f^^*?*lcffjmbT, AM3^(©^m*f^5:]^*?)S 
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